We evaluated the indoor environmental quality in the Radiology Department and Magnetic Resonance Imaging Suites in a hospital. We found that air was bypassing the filtration systems and that the outdoor air intakes were at or below ground level. We recommended improving preventative maintenance on the ventilation systems and working with a mechanical engineer so that air supplied to the workspace meets current indoor environmental quality guidelines for health care facilities. 
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The Health Hazard Evaluation Program received a request from a union representative at a hospital. The request concerned indoor environmental quality (IEQ), comfort issues including heat, and foreign particles coming out of the supply air vents in the Radiology Department and Magnetic Resonance Imaging (MRI) Suites. Employees reported symptoms such as eye, nose, and throat irritation and were concerned that breathing the particles would cause long-term health effects. We conducted our evaluation of the Radiology Department and MRI Suites from January 30 until February 2, 2017. We provided a written summary of our site visit and preliminary recommendations in February 2017.
Background
The hospital, constructed out of brick, was located among a complex of buildings built in the 1920s. A front addition, also constructed using brick, was added to the hospital in 1990. In the spring of 2016, Radiology Department employees began noticing black particles coming from the supply air ducts. Employees were also concerned about excessive heat in the Radiology Department, which they reported to reach 92°F. Employees reported that patients in the radiology patient rooms were having breathing difficulties because of the high temperatures and humidity. They were also concerned that the high temperatures could have affected medical equipment.
The hospital's Radiology Department included the MRI Suites and was always open, but most services occurred during the daytime. Only emergencies were taken at night. Radiology Department staff provided direct patient care through diagnostic testing including x-rays, ultrasounds, computerized tomography (CT) scans, MRI scans and radiological procedures.
Occasionally staff would also work in the Radiology Special Procedures area associated with the surgery department on the ground floor. At the time of our site visit, 41 employees worked in the area (35 union members, 2 registered nurses, and 4 management officials).
We used dry Kimberly-Clark Kimwipes to collect wipe samples of black material from the air grilles. One bulk sample was analyzed by polarized light microscopy for particulates. Four bulk samples were analyzed for soot and particulates using transmission electron microscopy. 
Results and Discussion
Ventilation System Inspections
The Radiology Department and MRI Suites were served by two different HVAC units. The HVAC systems for both areas were variable air volume systems with ducted returns. The ductwork was not lined inside.
The HVAC unit for the Radiology Department unit had minimum efficiency reporting value (MERV) 8 pleated filters followed by MERV 14 bag filters. MERV ratings indicate the overall effectiveness of air filters. A higher MERV rating reflects a higher effective filtration, which means fewer dust particles and other airborne contaminants can pass through the filter. The filter banks for the system met the ANSI/ASHRAE/ASHE Standard 170-2017, Ventilation of Health Care Facilities guidelines of MERV 7 for the first filter bank and MERV 14 for the second filter bank [ANSI/ASHRAE/ASHE 2017]. The HVAC unit had a humidification system which used steam generated at the boiler plant as the water source.
According to management, a Legionella prevention program had been implemented for the water systems and there were no additives in the steam.
We found that the outdoor air intake for the Radiology Department was about 10 feet below grade in the front of the hospital (Appendix A, Figure A1 ). It was located about 25 feet from pollutant sources such as exhaust from idling buses at the bus stop and vehicles dropping off and picking up individuals ( Figure A2 ). We found snow in the ductwork of the outdoor air intake near the first set of air filters ( Figure A3 ). The resulting moisture had caused the filters to become misshapen, resulting in air leakage around the filters ( Figure A4 ). The filters were heavily loaded with dust, which means that they needed to be replaced. We found that the gaskets around the two filter banks and the HVAC doors were missing or broken, which contributed to air leakage around the filters ( Figure A5 ). A dent in the second door at the HVAC unit prevented the door from sealing properly to the HVAC unit and allowed air to escape from the unit. We found particulates throughout the HVAC unit ( Figure A6 ) including near the humidifier and cooling coils, which was located after the filter system. Debris and other particulates downstream of the filters in the HVAC system are evidence of ineffective filtration or leakage around air filters. We asked about but did not receive any information about a preventative maintenance program for the Radiology Department HVAC system.
The outdoor air intake for the MRI Suites was located slightly above ground level on the west side of the building near the ground level cooling coils ( Figure A7 ). The MERV 8 pleated filters for the MRI Suites HVAC unit looked clean and we did not find evidence of air bypassing the filters. The MRI Suites also had a separate recirculating cooling system for the MRI equipment.
We looked in all the rooms within the Radiology Department and MRI Suites for indicators of mold and moisture, including looking above ceiling tiles. We did not find any mold or moisture issues.
We checked airflow directionality for the Radiology Department and MRI Suites. Air flowed from the Radiology Department into the mechanical room where the HVAC unit was located. Air moved from the hallway and from the ultrasound rooms into the main Radiology Department waiting room. In the MRI Suites, air moved from the hallway into the waiting area and from the MRI work stations into the waiting area. This meets the requirement that air should flow into the waiting areas [ANSI/ASHRAE/ASHE 2017]. There are no requirements for pressure relationships for radiology areas for diagnostic and treatment rooms [ANSI/ASHRAE/ASHE 2017].
We observed free-standing air filtration units throughout the Radiology Department work area. Several units indicated that the filter needed to be changed. There was no preventative maintenance program in place to service these units. Excessively loaded and dirty filters obstruct airflow through the filters, which reduces their effectiveness in removing particulates. We observed black particulate around some of the supply air grilles and a build-up of material in several supply and return air grilles ( Figure A9 ). This was additional evidence of material not being collected by the HVAC unit filters. We also observed that the staff handled patient gowns and exam table paper with each patient in the procedure rooms, which could be the source of extra particulates.
The air-conditioning for the Radiology Department reportedly failed in May 2016, leading to excessively warm temperatures in the department. During this time, the facility used portable fans and air-conditioning units and relocated staff when possible. The air conditioner was repaired in mid-June 2016 when a replacement part for the HVAC system was installed. Table 1 summarizes the CO 2 , CO, temperature, and RH levels we measured in the Radiology Department, MRI Suites, and the Radiology Special Procedures room in the surgical area.
Indoor Environmental Quality Measurements
None of the areas exceeded the ambient outdoor concentration of CO 2 (about 400 ppm) by 700 ppm. This indicates that the HVAC units were providing sufficient outdoor air to maintain acceptable ventilation [ANSI/ASHRAE 2016]. CO, when detected, was at levels well below occupational exposure limits. However, the presence of CO indoors, even at low concentrations, may indicate that vehicle exhaust was brought into the building through the HVAC systems.
During our evaluation, the RH levels were below the maximum recommended level of 60% [ANSI/ASHRAE/ASHE 2017]. Using an average RH of about 17% from the measured data, assuming an operative temperature range of 67°F to 73°F, and occupants wearing typical clothing, the areas were within the recommended thermal comfort guidelines [ANSI/ASHRAE 2017]. However, very low RH levels may contribute to dry and irritated mucous membranes of the eyes and airways [Wolkoff and Kjaergaard 2007] . The Radiology Special Procedures area was colder than the other areas, but the staff also usually wore lab coats in this area. 
Bulk Sample Analyses Results
Microscopic analysis of the bulk material from the first filter bank floor of the ventilation system showed quartz (35%), opaque material (10%), carbonate (10%), plastic (10%), resin (10%), rust (5%), clay particles (5%), biotite (3%), mold (3%), muscovite (3%), insect body parts (2%), pollen (1%), welding material (1%), plant trichomes (1%), and tourmaline (1%). Quartz is one of the most common components of soil and soil dust. The materials identified in the samples are commonly found in building materials (plastic, resin, rust, and welding material) and the others from the outdoor environment.
Antimony, calcium, iron, magnesium, potassium, and zinc were among the most abundant elements present in the seven bulk samples (Table 2 ). Low levels of chromium, copper, lead, nickel, tin, and titanium were detected in all of the samples. Based on the age of the medical center complex, the presence of low levels of lead on-site would not be unexpected because of its historic use in paint and vehicle fuel. There are no occupational exposure limits for bulk samples. A recent review of contaminants found in the hospital environment identified similar elements to those identified in our samples [Ghanizadeh and Godini 2018] . [ ] = This result is between the limit of detection and limit of quantitation; more uncertainty is associated with this level. ND = The element was not detected at a limit of detection of 58 milligrams per kilogram or lower.
The four samples analyzed for elemental carbon showed high organic material content, which was often found with a high concentration of cellulose. These four samples were from the inside of the door to the second filter bank for the Radiology Department HVAC system, the MRI bathroom return, a wipe sample of the MRI file room supply of the black material on the metal supply air grille, and a wipe sample of the black material on the Radiology Department breakroom metal supply air grille. The door of the second filter bank ( Figure  A5) showed the highest amount of elemental carbon. The wipe sample from the MRI supply diffuser showed the lowest amount of elemental carbon, but was black in color, which suggested the presence of soot.
Four additional bulk samples were submitted for microscopic analysis. The samples were black material from the MRI changing area, fuzzy material from an ultrasound room supply grille, black material from the MRI file room, and fuzzy material from the Radiology Department breakroom supply grille. The two samples with fuzzy material were similar based on polarized light microscopy. They were found to contain cellulose, synthetic fibers, cornstarch, and mineral and plastic fragments. Transmission electron microscopy showed that the other two samples of black material contained soot and soot-like particles ( Figures A10 and A11 ). The energy dispersive x-ray spectroscopy showed mostly carbon, with small amounts of oxygen, silica, calcium, and aluminum.
The presence of elemental carbon and soot in the samples indicated that diesel exhaust was likely entering the workspace through the HVAC system. Diesel exhaust is a complex mixture of various gases and fine particles. Diesel exhaust is typically black in color with a low odor threshold (odors easily detected at low concentrations) and contains more than 40 toxic compounds [U.S. Environmental Protection Agency 2002]. The particles mainly consist of organic carbon compounds adsorbed onto cores of microscopic elemental carbon [Birch 2018 ].
Document Review
We reviewed a June 2016 consultant's report provided by management. The consultant conducted an IEQ assessment in May 2016 in the Radiology Department. They collected air samples for mold (using spore traps), particulates, and volatile organic compounds and tape lift samples for particulate identification. They also measured indoor temperature, CO, CO 2 , and RH.
The air samples collected on spore traps showed similar species and concentrations of mold when compared to air samples collected outdoors. Real-time air concentrations of particulates were low in the sampled areas with total particulate concentrations ranging from 0.003 milligrams per cubic meter (mg/m 3 ) to 0.037 mg/m 3 . Low levels of acetone, n-butane, 2-butanone, chloromethane, cyclohexene, ethanol, ethyl acetate, n-heptane, n-hexane, isopropyl alcohol, 2,2,4-dimethylpentane, and toluene were detected in the four evacuated summa canister air samples. These results were well below any applicable occupational exposure limits.
Microscopic analysis of tape lift samples showed skin cell fragments, cellulose material, opaque particles, soil, and other generic biological particles. Temperatures ranged from 72.2°F-80.8°F, which were elevated when compared to ANSI/ASHRAE guidelines. CO concentrations ranged from 0.4 ppm to 1.1 ppm; CO 2 levels were 524 ppm to 648 ppm; and RH ranged from 34.8% to 44%. These were within acceptable limits for the days monitored according to ANSI/ASHRAE guidelines. These findings are similar to those observed during our site visit.
We reviewed the hospital's OSHA 300 logs for years 2013 through 2016. These logs were for the entire hospital. Results are shown in Table 3 . Overall, slips, trips, falls, strains, and sprains were the most common entries for all years. One entry in July 2015 involved an HVAC equipment operator with respiratory distress due to extreme temperatures and a traumatic event in the mechanical equipment room. Of two respiratory entries in February 2016, one was a nurse in the outpatient clinic reporting persistent cough "due to OR (operating room) air quality" and the other was a medical support staff in administrative offices reporting respiratory symptoms "due to environment." None of the respiratory disorders, chemical exposures, allergic reactions, stress related disorders, chest pain, or dizziness entries were among employees located in the Radiology Department or MRI Suites.
Interviews
We interviewed all 30 employees working in the Radiology Department and MRI Suites on the dates of our visit, including 13 males and 17 females. We did not interview employees from the nuclear medicine department. The average age of employees was 53 years (range: 30-67 years), and the average amount of time in their current job was 9 years (range: 1 month-30 years).
Two of the 30 interviewed employees were supervisory staff. Of the remaining 28 employees, there were twelve radiology technicians working in X-ray, CT, and/or MRI Suites departments, seven administrative or clerical staff, four radiologists, four ultrasound technicians, and one nurse. Three of the 12 radiology technicians worked half-time on the first floor assisting with special procedures in either the operating suites or the intervention room or both.
Ten of the 30 employees reported potential work-related health problems when asked an open-ended question, including throat irritation (3), eye irritation (2), runny nose (2), cough from post-nasal drip (1), chronic sinusitis/sinus infections (2), headaches (1), psoriasis/itchy skin (1), and latex allergy (1). Some reported more than one symptom/health problem. Onset of symptoms was reported by the ten employees to be 2014 (4), 2010 (2), when they moved into the basement (2), and unable to remember (2). Three employees sought medical attention for health problems they believed were work-related, including allergic reactions/ hives (1), fibromyalgia and arthritis (1), and latex allergy (1). We reviewed employee health records for these three employees; we found too little information in the records to make any conclusions about cause. Three of the ten also reported being transferred to a different job location. No employees submitted workers' compensation claims.
We asked about history of atopy; ten reported a history of allergic rhinitis, six reported asthma, and one reported atopic eczema. Of the 30 employees, 20 never smoked, seven were former smokers, and three were current smokers.
We asked employees if they currently had any of a list of specific symptoms during work hours and, if so, did the symptom improve on days off work (Table 4) . Nine employees reported eye, nose, or throat irritation during work hours that improved on days off. These were the most commonly reported work-related symptoms. No employees reported chest tightness or shortness of breath. Six employees reported having rash in the prior month; one of the six reported itchy skin and redness to wrists only at work, suggesting a possible association with work. Of the 30 employees, 17 reported concerns about work exposures. These concerns included poorly maintained HVAC system, poor ventilation, and poor air quality (7), particles and/or dust in and on vents (7), temperature extremes (2), diesel fumes entering HVAC intake (2), poor communication and follow-up on concerns (2), and respiratory illness of a fellow employee thought to be due to poor air quality (1). Some employees had more than one concern.
Of the 30 employees, 16 reported that their work environment had comfortable temperature and humidity levels. Several reported feeling cold at work, but thought that it was needed to maintain the radiological equipment. Several employees described an incident in the summer of 2016 in which the air conditioner failed and the work area in the basement became very hot. They reported that there was no follow-up on what was wrong or when it was to be fixed. Employees felt like their concerns were not addressed. A few employees reported lack of trust in management and that they thought the administration was involved in "covering up facts."
Seventeen of 30 employees noticed black particles in their work area, including on vents, walls, ceiling tiles, and floor that reappeared a few days after being cleaned. Eight reported odors including diesel or other exhaust fumes, mulch, fertilizer, or other "strong" odors; two reported having to step out of the work area because of nausea.
Odors may produce health symptoms by three mechanisms. First, symptoms can be induced by exposure to odorants at levels that also cause irritation. Therefore, irritation, rather than the odorant, is the cause of the symptoms. Second, health symptoms from odorants at nonirritant concentrations, such as hydrogen sulfide, can be due to innate or learned aversions. Third, symptoms may be due to a co-pollutant, such as endotoxin, that is part of an odorant mixture [Schiffman and Williams 2005] . It is possible that symptoms reported by facility employees could be associated with all three mechanisms but also could be associated with nonoccupational factors. The unfiltered air entering the workspace from the ventilation system could also contain odors from sources outside such as yard work activities and vehicle exhaust. In persons with existing health problems, such as asthma or chronic respiratory problems, odors can also worsen pre-existing symptoms. For example, odors have been found to affect the physiological and psychological responses of individuals with asthma [Beach et al. 1997] .
Several employees had fears that their work environment was not safe and that employees were inhaling contaminants that could cause long-term health effects. Some were concerned that asbestos or other toxic compounds from abandoned buildings might blow into their air intake. These fears were amplified when a former employee became ill with respiratory symptoms and left employment apparently from health problems that employees believed were due to the work environment. Because the exposures we identified were short-term and occurred intermittently, it is very unlikely that employees would have long-term health effects from inhaling contaminants.
Requestors reported respiratory and sinus symptoms they thought were related to workplace exposures and expressed concerns about the IEQ of the building. In the scientific literature, most of the reported symptoms, such as eye and throat irritation, nasal congestion, and sneezing, have been reported frequently during IEQ investigations of buildings in nonindustrial settings such as schools, hospitals, and office buildings [Brightman et al. 2008] .
Typically, employees suspect a workplace cause because their symptoms appear to be worse while at work and better when away from work. In our experience, some of these symptoms may be related to poor IEQ, such as problems with building airflow and temperature as well as the presence of low levels of chemicals from office furnishings, office machines, cleaning products, personal hygiene products, and structural components of the building [Mendell 1993 ]. The problems we identified with the location and maintenance of the Radiology Department HVAC system, which allowed unfiltered air to enter the workspace, could have contributed to symptoms. However, the same symptoms are commonly experienced by people outside of the workplace. Some symptoms that began coincidentally with IEQ concerns can be explained by medical conditions that are not related to work, such as respiratory infections and allergies. For these reasons, the causes of the reported symptoms cannot be specifically attributed to workplace exposures.
Diesel exhaust exposure has been associated with acute health effects, such as eye, nose, throat, and lung irritation; cough; headache; lightheadedness; and nausea [Gamble et al. 1987; Pronk et al. 2009; Reger and Hancock 1980; Sydbom et al. 2001] . Diesel exhaust exposure has also been associated with lung inflammation, aggravated asthma and other chronic respiratory conditions, increased allergenic responses, and lung cancer [International Agency for Research on Cancer 2012; Sydbom et al. 2001; Ulfvarson and Alexandersson 1990] . Although we found evidence that diesel exhaust and soot were likely entering the workspace through the ventilation system, these exposure levels would be very low compared to industrial settings. Whether a person experiences these acute or chronic health effects depends on the duration and magnitude of the exposures and on individual susceptibility.
The employees believed that they were not receiving adequate information from managers regarding how potential hazards in the building were being addressed. There was no formal IEQ management program in place to provide information to employees. Employees reported that much of the information they received regarding potential exposures and management's efforts to address them were based on office conversation. Such informal communication can result in mixed messages, rumors, or other misinformation, which can negatively impact workplace stress, frustration, and trust in management [Boxer 1990 ]. It is also important that the employer regularly consult with employees about their health and safety concerns and explain to employees how the concerns will be addressed or why they cannot be addressed. Doing so may strengthen positive perspectives of the employer's willingness to care for the well-being of the employees and lead to improvements in safety systems [Vecchio-Sudus and Griffiths 2004] .
Conclusions
Employees reported concerns about poor ventilation and black particles from vents in their workplace and how they were potentially affecting their health. We found evidence of elemental carbon, soot consistent with diesel exhaust particles, and low levels of CO entering in the work areas. We also found that the HVAC units' outdoor air intakes were at or below ground level. Inspection of the HVAC unit serving the Radiology Department showed that moisture was affecting the fit of the frames in the first filter bank. We found broken and missing gaskets inside the HVAC unit including the second set of filters. This allowed outdoor air to bypass the filter systems and enter the workspace. The perception of the lack of management action in addressing these concerns may be linked to why some employees expressed distrust in the employer's willingness to look out for the well-being of employees.
Recommendations
On the basis of our findings, we recommend the actions listed below. We encourage the medical center to use a labor-management health and safety committee or working group to discuss our recommendations and develop an action plan. Those involved in the work can best set priorities and assess the feasibility of our recommendations for the specific situation at the medical center.
Our recommendations are based on an approach known as the hierarchy of controls. This approach groups actions by their likely effectiveness in reducing or removing hazards. In most cases, the preferred approach is to eliminate hazardous materials or processes and install engineering controls to reduce exposure or shield employees. Until such controls are in place, or if they are not effective or feasible, administrative measures and/or personal protective equipment may be needed.
Engineering Controls
Engineering controls reduce employees' exposures by removing the hazard from the process or by placing a barrier between the hazard and the employee. Engineering controls protect employees effectively without placing primary responsibility of implementation on the employee.
1. Replace the filters in the Radiology Department HVAC unit and repair or replace the HVAC system gaskets.
2. Consult with a licensed professional mechanical engineer to reconfigure the outdoor air for the two HVAC systems so that the two intakes are located 6 meters above ground level, as recommended by ASHRAE intakes for hospital and medical facilities [ASHRAE 2013] .
http://www.cdc.gov/niosh/topics/indoorenv/. The basic elements of a good IEQ plan include the following:
• Properly operating and maintaining the ventilation equipment.
• Overseeing the activities of occupants and contractors that affect IEQ (e.g., housekeeping, pest control, maintenance).
• Ensuring effective and timely communication with tenants regarding IEQ.
• Educating employees about their responsibilities in relation to IEQ.
• Proactively identifying and managing projects that may affect IEQ (e.g., leaking roof, damaged floor tiles, water leaks, renovation).
3. Improve communication between managers and employees regarding responses to employee health and safety concerns. A supervisor or manager who is sensitive to the employees' concerns should communicate directly with those who report health and safety concerns. Points to consider include:
• Actively listening to employees' concerns in a nonjudgmental manner. Employees should feel that their concerns are taken seriously.
• Regularly informing employees of exactly what steps are being taken to assess the problem, what has been determined, and what remains to be determined. A combination of written reports and face-to-face meetings are valuable.
• Routinely share information with employees rather than waiting until a cause of the problem is discovered; this will reduce the chance of distorted rumors.
4. Track and investigate work-related complaints or problems reported by employees, and share the findings with employees.
5. Encourage employees with health concerns related to their workplace to seek evaluation and care from a physician who is residency trained and/or board certified in occupational medicine and is familiar with the types of exposures employees may have had and their health effects. 
Disclaimer
The recommendations in this report are made on the basis of the findings at the workplace evaluated and may not be applicable to other workplaces.
Mention of any company or product in this report does not constitute endorsement by NIOSH.
Citations to Web sites external to NIOSH do not constitute NIOSH endorsement of the sponsoring organizations or their programs or products. NIOSH is not responsible for the content of these Web sites. All Web addresses referenced in this document were accessible as of the publication date.
